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NASA TT F-10,497 

HISTOLOGIC CHANGES I N  THE INNER EAR OF ANIMALS 
EXPOSED TO X-IRRADIATION 

N. I. Ivanov 

Following x - i r r a d i a t i o n  ( e i t h e r  gene ra l  o r  l o c a l  expo- 
su re )  of r a b b i t s  and guinea pigs  i n  t h e  r eg ion  of t h e  ear, 
t h e  animals w e r e  kept  under observat ion f o r  some t i m e  and 
then  k i l l e d .  The x-ray doses used ( t o t a l  l o c a l  dose: 2 x 
1000 R; t o t a l  gene ra l  dose: 300 or 600 R) induced trauma- 
t i c  e f f e c t s  as w e l l  as pa thologic  changes i n  t h e  middle 
and inne r  ears of t h e s e  animals. 
t h e  most s e n s i t i v e  t o  x-ray. Reaction t o  t h e  traumatic ef -  
f e c t  could c l e a r l y  be noted as l a b y r i n t h i t i s .  

The organ of C o r t i  w a s  

With x - i r r a d i a t i o n  of t h e  temporal region,  i n  a d d i t i o n  t o  s i d e  e f f e c t s  /78* 
i n  t h e  s k i n  and c a r t i l a g e  of t h e  pinna,  t h e r e  can a l s o  be changes i n  t h e  middle 
and i n n e r  ear. These changes are l i t t l e  known due t o  t h e  rare use  of x- i r rad ia-  
t i o n  when t h e r e  is  l o c a l i z a t i o n  of d i sease  processes  i n  t h e s e  organs.  

I n  o r d e r  t o  determine t h e  c h a r a c t e r  of t h e  morphological changes i n  t h e  
i n n e r  ear of animals under t h e  in f luence  of x - r ad ia t ion  i n  1954-1955 w e  c a r r i e d  
out  experiments on r a b b i t s  and guinea pigs .  
f e c t  of x-rays and radium on t h e  ear are very scanty .  

Data i n  t h e  l i t e r a t u r e  on t h e  e f -  

From t h e  s t u d i e s  of t h e  b i o l o g i c a l  e f f e c t  of i o n i z i n g  r a d i a t i o n s  i t  is  
known t h a t  t h e  most s e n s i t i v e  p a r t  of the ce l l  t o  such r a d i a t i o n  i s  t h e  cuc leus .  
U d e r  the  i n f l u e n c e  of i r r a d i a t i o n  t h e r e  is pyknosis (condensat ion of chroma- 
t in)  i n  t h e  nucleus and karyorrhexis  ( d i s i n t e g r a t i o n  of t h e  c e l l  nuc leus ) ,  and 
t h e r e  is  v a c u o l i z a t i o n  i n  t h e  nucleus and protoplasm. 
changes i s  dependent on t h e  i r r a d i a t i o n  dose. 

The degree of t h e s e  

With r e s p e c t  t o  t h e  d i f f e r e n c e s  i n  the e f f e c t  of x-rays on d i f f e r e n t  tis- 
sues ,  t h e r e  are d a t a  on t h e  primary resistance of t h e  c e l l  elements of t h e  cen- 
t r a l  nervous system and t h e  p e r i p h e r a l  r ecep to r s  [Werner]. Never the less ,  i n  
t h e  experiments of I. A. Lopotko t h e  fol lowing s i g n i f i c a n t  changes were d i s -  
covered i n  t h e  ear of whi te  m i c e  under t h e  i n f l u e n c e  of t h e  r ays :  hemorrhages 
i n  d i f f e r e n t  p a r t s  of t h e  ear, inc lud ing  hemorrhages around and w i t h i n  t h e  
nerve  t runks  supplying p a r t s  of t h e  i n n e r  ear, detachment of t h e  o t o l i t h s  of 
t h e  u t r i c l e ,  edema, inflammation and nec ros i s  of t h e  s o f t  t i s s u e s  of t h e  laby- 
r i n t h  and a l s o  inflammatory exudate i n  t h e  middle ear. With a dose of 12  r a d ,  
pa tho log ica l  changes were found both  i n  the organ of C o r t i  ( t o t a l  a t rophy)  and 
i n  t h e  ne rve  cells of t h e  s p i r a l  gangl ion.  
were observed la ter  i n  t h e s e  same p laces .  

Atrophic  and degenera t ive  changes 

*&umbers i n  t h e  margin i n d i c a t e  pagina t ion  of t h e  o r i g i n a l  f o r e i g n  text. 
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The cells of t h e  v e s t i b u l a r  ganglion a l s o  were subjec ted  t o  degenerat ion 
two months a f t e r  i r r a d i a t i o n .  

However, o t h e r  au thors  [Thielman] d id  no t  observe inflammatory o r  degenera- 
t i ve  changes i n  t h e  a u r a l  l a b y r i n t h ;  d e s p i t e  such a h igh  dose as 6-18 r ad  t h e r e  
w a s  on ly  c a p i l l a r y  hyperemia and numerous hemorrhages. 

With r e s p e c t  t o  t h e  e f f e c t  of radium rays ,  corresponding d a t a  have been 
publ i shed  b t  Marx (1909),  Muta (1926)and K. L. Khilov (1927). 
(radium bromide) i n  g l a s s  c a p i l l a r i e s  placed i n  t h e  w a l l  of t h e  l a b y r i n t h .  
flammation of t h e  middle ear, small-cel led inflammatory i n f i l t r a t i o n ,  d i l a t a -  
t i o n  of  t h e  blood vessels, hemorrhages, expressed most c l e a r l y  i n  t h e  duc tus  
c o c h l e a r i s ,  and d e s t r u c t i o n  of t h e  organ of C o r t i  were observed. According t o  
Marx, i t  begins  wi th  swel l ing  and o t h e r  forms of deformation of t h e  ce l l s ;  l a t -  
er t h e r e  is  a f l a t t e n i n g  of t h e  organ of C o r t i  t o  t h e  s i z e  of a low e p i t h e l i a l  
monticulus  and i n  p l aces  t o  a t h i n  s t r i p .  
gangl ion cells o r  even t h e i r  complete absence a l s o  w e r e  noted. 

They used radium 
In- 

Defects  of t h e  nerve  f i b e r s  and 

The d a t a  i n  t h e  l i t e r a t u r e ,  t he re fo re ,  i n d i c a t e  t h a t  i n  response t o  t h e  
e f f e c t  of radium t h e r e  are degenerat ive-atrophic  changes of t h e  h igh ly  develop- 
ed sensory ep i the l ium and t h e  nerve  ganglion cells .  
w e r e  used, t h e  degenerat ion progresses  without r e s t r a i n t  b u t  is  l i m i t e d  t o  
t h e  t i s s u e s  d i r e c t l y  surrounding t h e  tube conta in ing  t h e  radium bromide. 

With those  doses  which 
/79 

-- I n  Vi t ro  Observations 

Ten r a b b i t s  and t e n  guinea p i g s  were  subjec ted  t o  x- rad ia t ion .  
known t o  b e  l a r g e  w a s  used t o  o b t a i n  t h e  most c l e a r l y  expressed changes. 

A dose 

Four r a b b i t s  were i r r a d i a t e d  t w i c e  (with an  i n t e r v a l  of one day) i n  t h e  
reg ion  of t h e  r i g h t  ear w i t h  a dose of 1000 R ( t o t a l  dose of 2000 R) ;  s i x  rab- 
b i t s  w e r e  subjec ted  t o  a t o t a l  x-radiat ion of 600 R. 

Five guinea p i g s  were sub jec t ed  t o  l o c a l  i r r a d i a t i o n  i n  t h e  reg ion  of t h e  
r i g h t  ear i n  t h e  same dose as t h e  r a b b i t s ;  t h e  o t h e r  f i v e  guinea p i g s  w e r e  sub- 
j e c t e d  t o  a t o t a l  i r r a d i a t i o n  dose of 300 R. 

With l o c a l  exposure t o  x-rays ( in the reg ion  of t h e  r i g h t  ear of t h e  an i -  
m a l ) ,  a n  area 6 x 8 cm w a s  i r r a d i a t e d  with a skin-focus d i s t a n c e  of 23 cm; 
185 kv and 10  ma were used; a copper p l a t e  f i l t e r  0.5 mm t h i c k  w a s  employed; 
t h e  exposure r equ i r ed  13 minutes;  t h e  dose w a s  1000 R. 

For t h e  gene ra l  r a d i a t i o n  exposure the  r a b b i t s  were f a s t ened  t o  a s p e c i a l  
s t and ;  i r r a d i a t i o n  w a s  i n  a f i e l d  measuring 20 x 20 c m  w i t h  a skin-focus d i s -  
t ance  of 75 cm; 180 kv and 20 m a  were used; a copper p l a t e  0.5 mm t h i c k  w a s  
employed; t h e  exposure l a s t e d  55.5 
i r r a d i a t i o n  of t h e  guinea p i g s  a l l  
focus  d i s t a n c e  w a s  40 cm, exposure 

Af t e r  i r r a d i a t i o n  t h e  animals  

minutes; t h e  dose w a s  600 R. I n  t h e  gene ra l  
t he  condi t ions  were t h e  same bu t  t h e  sk in-  
w a s  17.4 minutes and t h e  dose w a s  300 R. 

were kept under observa t ion  f o r  some t i m e  
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and then  k i l l e d .  

For process ing  t h e  pyramidss of the  tsmporal  Sones of t h e  animals ,  w e  used 
post-mortem formal in  f i x i n g  and biopsy f i x i n g  wi th  a f l u i d  co t a i n i n g  potassium 
bizchromate,  formal in  and acetic ac id .  The biopsy f i x i n g  was,by t h e  method de- 
s c r i b e d  by V. F. Undr i t s  i n  a manual on t h e  d i s e a s e s  of t h e  ear, t h r o a t  and 
nose e d i t e d  by S. M. Kompaneyts. 

B We 

A t o t a l  of 660 h i s t o l o g i c  specimens were prepared and s tud ied .  I n  two of 
t h e  f o u r  r a b b i t s  sub jec t ed  t o  l o c a l  i r r a d i a t i o n  (region of t h e  r i g h t  ear) laby- 

i n  one a f t e r  t h r e e  months and f i v e  days 
i n  t h e  second f i v e  months and f o u r  days a f t e r  exposure t o  x-rays. 

a n t h i t i s  developed on t h e  r i g h t  s ide :  

A 

I n  t h e  f i r s t  r a b b i t  t h e  changes i n  t h e  r i g h t  ear amounted t o  a t rophy of 
t h e  organ of C o r t i ,  d i s l o c a t i o n  and vacuo l i za t ion  of i ts cells,  accumulation of 
exudate  i n  t h e  endo- and per i lymphat ic  c a v i t i e s  of t h e  i n n e r  ear and g ranu la r i -  
t y  of t h e  protoplasm of t h e  cel ls  of t h e  s p i r a l  gangl ion.  
b i t ,  t h e  organ of C o r t i  on t h e  r i g h t  ( i r r a d i a t e d )  s i d e  w a s  destroyed;  a l s o  
p a r t i a l l y  destroyed were t h e  c a r t i l a g i n o u s  formations of t h e  v e s t i b u l e  and the 
s m i c ' r c u l a r  cana l s ;  i n  t h e  ductus  coch lea r i s ,  u t r i c l e s  of the v e s t i b u l e  and& 

d a t e  w i t h  a l a r g e  q u a n t i t y  of ce l l  elements; i n  t h e  cavit ies o f . t h e  middle ear 
t h e r e  w a s  a n  exudate and hemorrhages; t h e r e  a l s o  w a s  g r a n u l a r i t y  of t h e  proto-  
plasm of t h e  cells  of t h e  s p i r a l  ganglion (F igure  1). I n  t h e  l e f t  ear of t h i s  
animal t h e r e  w a s  marked a t rophy of t h e  organ of C o r t i  (up t o  a p l a s i a )  and granu- 
l a r i t y  of t h e  protoplasm of t h e  cells of t h e  s p i r a l  gangl ion.  

I n  t h e  second rab- 

*& 

cA&o*etween t h e  w a l l s  of t h e  bony and membranous l a b y r i n t h  t h e r e  w a s  an  exu- 

In two o t h e r  r a b b i t s  subjec ted  t o  l o c a l  i r r a d i a t i o n ,  t h e  h i s t o l o g i c  pic-  
t u r e s  i n  gene ra l  were similar: i n  t h e  r i g h t  ear, t h a t  i s ,  on t h e  i r r a d i a t e d  
s i d e ,  t h e r e  no t  only w a s  sha rp ly  manifested a t rophy of t h e  organ of C o r t i  and 
d i s l o c a t i o n  and vacuo l i za t ion  of i t s  remaining cel ls ,  bu t  a thinned membrane of 
C o r t i  and a deformed Re i s sne r ' s  membrane ( l o c a l l y  i t  was  absen t ) ;  i n  t h e  l e f t  
ear t h e  degree  of express ion  of t h e  changes w a s  somewhat less. I n  bo th  animals 
t h e  protoplasm of t h e  cel ls  of t h e  s p i r a l  gang l i a  (of bo th  t h e  r i g h t  and l e f t  /80 
ears) w a s  g ranu la r ;  t h e  vascu la r  s t r i p  was thickened; i n  t h e  c a v i t i e s  of t h e  
middle ear t h e r e  w a s  an  exudate.  Among the  s i x  r a b b i t s  sub jec t ed  t o  gene ra l  
x - i r r a d i a t i o n ,  only two of t h e  animals developed symptoms of one-sided laby- 
r i n t h i t i s :  i n  one animal t h i s  happenedfour months a f t e r  i r r a d i a t i o n ,  and i n  t h e  
o t h e r  -- a f t e r  f i v e  and a h a l f  months. 

Changes under gene ra l  i r r a d i a t i o n  d i f f e r e d  from t h e  changes dur ing  l o c a l  
exposure t o  x-rays i n  t h a t  i n  t h e  case of a gene ra l  r a d i a t i o n  t rauma, labyr in th i -  
t is developed la te r  and more slowly and i ts  symptoms w e r e  expressed less clear- 
l y ;  i n  t h e  r i g h t  ear t h e  h i s t o l o g i c  changes were as fo l lows:  a p l a s i a  of t h e  
organ of C o r t i ,  d i s l o c a t i o n  and vacuo l i za t ion  of i t s  remaining ce l l s ,  exudate  
i n  t h e  cavi t ies  of t h e  inne r  and middle e a r ,  hemorrhages i n  them; g r a n u l a r i t y  
of t h e  protoplasm of t h e  cells  of t h e  s p i r a l  ganglion. 
changes w e r e  s i m i l a r  bu t  t h e r e  w a s  no accumulation of exudate  i n  t h e  c a v i t i e s  
of t h e  i n n e r  ear. Since t h e  i r r a d i a t i o n  w a s  gene ra l ,  t h i s  noncorrespondence 
between t h e  r i g h t  and l e f t  ears must be  considered random. 

I n  t h e  l e f t  ear t h e  

3 



Figure  1. 
E a r  of a Rabbit. T o t a l  Dose of Local I r r a d i a t i o n  2000 R. Labyrinthi-  
tis. Membranous Labyrinth and Organ of C o r t i  Destroyed. I n  the Duc- 
t u s  Cochlear i s  There A r e  Hemorrhages and Exudate w i t h  a Large Number 
of C e l l  Elements. Microphotogram, Small Magnif icat ion.  

H i s to log ic  Specimen of t h e  Ductus Cochlear i s  of t h e  Right 

I n  t h e  f o u r  o t h e r  r a b b i t s  t h e  h i s t o l o g i c  changes i n  t h e  ears f o r  t h e  most 
p a r t  w e r e  i d e n t i c a l  and cons i s t ed  of a t rophy of the organ of C o r t i  (up t o  its 
a p l a s i a ) ,  t h inn ing  of t h e  membrane of Cor t i ,  g r a n u l a r i t y  of t h e  protoplasm of 
t h e  cells  of t h e  s p i r a l  gangl ion,  a decrease of i t s  vol4me, pyknosis of the 
n u c l e i ,  s m a l l  hemorrhages under t h e  mucosa of t h e  tympanic c a v i t y ;  i n  one of 
t h e  r a b b i t s  t h e r e  w a s  a d i s l o c a t i o n  of the  ce l l s  of t h e  organ of C o r t i ,  deforma- 
t i o n  of Re i s sne r ' s  membrane and exudate i n  t h e  cavit ies of t h e  cochlear  duct .  

I n  guinea p igs ,  under both l o c a l  and g e n e r a l  i r r a d i a t i o n ,  no l a b y r i n t h i t i s  
w a s  observed. However, t h e i r  t o t a l  r e s i s t a n c e  t o  t h e  used doses  w a s  consider-  
a b l y  reduced: a f t e r  l o c a l  i r r a d i a t i o n  i n  two of t h e  f i v e  animals t h e r e  w a s  a 
sharp  l o s s  of weight and a f t e r  gene ra l  exposure t o  x-rays t h r e e  of t h e  f i v e  
guinea p i g s  soon d i ed  (two a f t e r  nine days and one a f t e r  f i v e  days) .  

The h i s t o l o g i c  changes i n  guinea pigs  sub jec t ed  t o  l o c a l  i r r a d i a t i o n  were& 
as fol lows:  i n  t h e  r i g h t  ( i r r a d i a t e d )  ear  t h e r e  w a s  a p l a s i a  of t h e  organ of 
C o r t i ,  d i s l o c a t i o n  and vacuo l i za t ion  of its remaining cel ls ,  a noninflammatory 
exudate  i n  t h e  scala v e s t i b u l i  and ductus cgoch lea r i s  and a l s o  i n  t h e  cavit ies 
of t h e  middle ear, poor d e f i n i t i o n  of t h e  contours  of t h e  cel ls  of the s p i r a l  
gangl ion and g r a n u l a r i t y  of t h e i r  protoplasm (Figure  2 ) .  I n  t h e  l e f t  ear t h e  
h i s t o l o g i c  changes were t h e  same bu t  less c l e a r l y  expressed.  

The fol lowing changes were noted i n  t h e  gene ra l  i r r a d i a t i o n  of guinea 
p igs :  a c l e a r l y  expressed atrophy of t h e  organ of C o r t i ,  d i s l o c a t i o n  and vacuo- 
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Figure  2.  
of a Guinea Pig.  C lea r ly  Ex- 
pressed  Atrophy of t h e  Organ of C o r t i  (Aplas ia ) ;  Exudate i n  t h e  Ductus 
Cochlear i s  and t h e  Sca la  Ves t ibu l i .  Microphotogram, Small Magnif icat ion.  

H i s to log ic  Specimen of t h e  Ductus Cochlear i s  of t h e  Right E a r  
T o t a l  Dose of Local I r r a d i a t i o n  of 2000 R. 

l i z a t i o n  of i ts  cel ls ,  poor express ion  of t h e  o u t l i n e s  of t h e  cells of t h e  
s p i r a l  gangl ion and g r a n u l a r i t y  of t h e i r  protoplasm, d i s i n t e g r a t i o n  of t h e  neu- 
roepi the l ium i n  t h e  reg ion  of t h e  ampullary crest, exudate  i n  t h e  cavities of 
t h e  middle and inne r  ear, and s m a l l  hemorrhages i n  t h e  middle ear. 

Thus, both l o c a l  and gene ra l  exposure t o  l a r g e  doses of x-rays caused se- 
vere a t r o p h i c  and degenera t ive  changes of t h e  sensory formations of t h e  i n n e r  
ear, e s p e c i a l l y  i n  t h e  organ of C o r t i ,  i n  r a b b i t s  and guinea p igs .  The changes 
w e r e  expressed more weakly on t h e  non i r r ad ia t ed  s i d e .  

I n  some of t h e  animals ( fou r  r a b b i t s )  t h e r e  w a s  l a b y r i n t h i t i s  w i th  cor- 
responding c l i n i c a l  symptoms and h i s t o l o g i c  changes of t h e  i n n e r  ear dur ing  
both  l o c a l  and genera l  i r r a d i a t i o n .  
f avorab le  f a c t o r s  it i s  necessary t o  a t t r i b u t e  t h e  appearance of l a b y r i n t h i t i s  
i n  our  experiments t o  t h e  e f f e c t  of x-rays, similar t o  t h e  r e a c t i o n s  of t h e  
s k i n  and mucous membranes t o  i r r a d i a t i o n .  

Due t o  t h e  absence of o t h e r  e x p l i c i t  un- 

In t h e  l i t e r a t u r e  w e  found no r e p o r t s  on cases of l a b y r i n t h i t i s  developing 
i n  i r r a d i a t e d  animals.  

According t o  r ecen t  d a t a  i n  t h e  l i t e r a t u r e ,  t h e  c e l l  elements of t h e  ner- 
vous system, i n  c o n t r a s t  t o  t h e  pe r iphe ra l  r e c e p t o r  formations,  are t h e  most 
r e s i s t a n t  t o  t h e  e f f e c t  of x-rays. Our experiments confirm t h i s  conclusion:  
whereas i n  t h e  organ of C o r t i  t h e r e  were c l e a r l y  expressed a t r o p h i c  and degen- 
erative changes, 

/82 

i n  t h e  s p i r a l  gangl ion t h e s e  changes were expressed r e l a t i v e l y  
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v o t e  in 
poor ly  and seemed t o  be more a mani fes ta t ion  of some basic,,dy:sfunction. 
eve r ,  i n  t h e  cells of t h e  v e s t i b u l a r  gangl ion w e  observed no pa tho log ic  changes 
a t  a l l .  

How- 

Our on ly  c l i n i c a l  observa t ion  was f o r  a p a t i e n t  w i th  a nonke ra t in i z ing  
squamous ce l l  carcinoma of t h e  ear ( r i g h t ) .  
g i c a l  and a c t i n i c  t rea tment ;  dur ing  t h e  per iod from 1948 t o  1955 h e  rece ived  i n  
t h e  r eg ion  of t h e  r i g h t  ear a t o t a l  i r r a d i a t i o n  of 23,000 R. Hearing i n  t h e  
d i seased  ear g radua l ly  worsened and i n  1955 a whisper could be heard only  a t  
d i s t a n c e  of 0.5 m. The audiogram revealed a decrease  of hear ing  p r i m a r i l y  i n  
t h e  range of h ighe r  sounds. 

The p a t i e n t  w a s  sub jec t ed  t o  sur -  

I n  t h i s  c l i n i c a l  observa t ion  w e  can see a c e r t a i n  conf i rmat ion  of t h e  co l -  
l e c t e d  experimental  da t a :  
t h e  i n n e r  ear; and 2) a predominance of the  e f f e c t  of x-rays on t h e  aud i to ry  
appara tus .  

1 )  t h e  p o s s i b i l i t y  of a d i r e c t  e f f e c t  of x-rays on 

The r e s u l t s  of t h e s e  experiments with t h e  i r r a d i a t i o n  of animals  by x-rays 
make i t  p o s s i b l e  f o r  us t o  draw t h e  fol lowing conclusions.  

1. The x-ray doses used have a t r a u m a t i c  e f f e c t  on t h e  ears of t h e s e  
animals. 

2. 
middle ear. 

Pa tho log ic  changes are observed i n  t h e s e  animals i n  both  t h e  inne r  and 

3. The organ of C o r t i  is t h e  most s e n s i t i v e  t o  x-rays. 

4. The r e a c t i o n  t o  t h e  t raumat ic  e f f e c t  of x-rays can a t t a i n  t h e  degree 
of c l e a r l y  expressed l a b y r i n t h i t i s .  
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